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Summary of WG2

Small x, Diffraction and Vector Mesons

e 29 experimental talks

e 22 theory talks

e 3 joint sessions with
- Structure functions
- QCD and hadronic final states
- Future of DIS



Theory Summary of WG2

Small x, Diffraction and Vector Mesons

e 22 theory talks
— 13: Small x
— 2: Diffraction
— 2: Vector Mesons
— 2: Central Exclusive Production
— 2: Jets and Rapidity gaps
— 1: AdS/CFT



Small x
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Deviations from DGLAP

: , Juan Rojo
Causaly connecied region, N° l evidence for deviations from NLO
T S DGLAP in inclusive HERA data
° e \ \ consistent with small-x
- \ | . resummations and
: | 1 & L non-linear dynamics
| : : : not with NNLO corrections
o' W o’

general strategy

- cut out data in the “unsafe” region (small x and Q?)

- determine PDFs in the “safe” region (large x and Q?)

- evolve backwards and compare to data in causally connected region

- tension between data and back-evolution: deviations from NLO DGLAP

same analysis in e+A with pseudo-data

for a Pb nucleus, deviations from DGLAP would be
identified within the x range of the full-energy EIC



Alternative approaches at small-x

« Non-linear small-x QCD evolution next slides

* (first) pure BFKL description of the data, ~ [, z€Us
in particular of A@Q%), B~ (1/2)* il -
Henri Kowalski 0: : |
- based on discreet Pomeron solution (DPS) os | W
of NLL-BFKL with running coupling 025 b
~150 eigenfunctions needed with 3 0.2
parameters each (the precision of new o1s |
data allows to find a unique solution) I 92.(?‘3"2.)1
 N=4 SYM model of confinement, using the AAS/CFT correspondence

Q (QOQ' =lant sl log( 7)
Q \/log(QoQ =) Plog(Qoz%E)

strong and fixed coupling, nevertheless a good data descritption is obtained

F = ) Chung-I Tan

 small x resummations  Simone Marzani
F, not discussed, extension of the formalism to compute rapidity distributions



Running-coupling BK analysis

= x-dependence: translational invariant (no b-dependence) running coupling BK using

Balitsky’s prescription
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the most advanced practical non-linear evolution
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The NLO photon impact factor

rcBK: first successful data description by the non-linear QCD evolution
- previous successful descriptions are based on parameterization of the x
dependence (dipole models)
- made possible by the running-coupling corrections (the most important
corrections due to NLO evolution), but still using LO impact factors

» next step: full NLO calculation of F, Giovanni Chirilli
non-linear evolution at NLO: already known (Balitsky-Chirilli)
NLO impact factor: o, . 0 OKCOK® fdndn o 24 .5 KK
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no numerical implementation yet



z P(2)
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About collinear resummations

(linear) BFKL evolution suffers from spurious singularities
collinear resummations are needed to get meaningful results

belief/hope: saturation cures the BFKL instabilities, no need for collinear

this is wrong, resummations are needed and may have sizable effects

Q=45GeV .
@(@)=0215 °

resummations when non-linear effects are included

LL (fixed &) J e
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':JLLB ] Emll Avsar 107_‘ Resummed § v" =
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| the dip of 3 F :
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of saturation

analytic understanding of this phenomena developed using the traveling

wave method to solve the BK (and higher-order) equations

Guillaume Beuf



BK evolution with impact parameter

the b dependence in the small x evolution is almost always neglected

* previous studies with LO BK

- non-physical power-law tails at large b Jeffrey Berger

- non-trivial dynamics of large dipole sizes

« the b dependence in the running coupling BK equation

the IR regularization of the kernel becomes crucial

preliminary phenomenological analysis: A | g i '*, I
with Balitsky’s prescription one can get i S
qualitative agreement with the data R Tt

however the agreement is perhaps
accidental, due to the extreme sensitivity
of the results to the regularization of
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Unintegrated gluon distributions

« the standard ugd, FT of the dipole amplitude

“
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Fabio Dominguez

for instance used to calculate semi-inclusive DIS

 dijet production in DIS
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no k; or (TMD) factorization

» dijet production in pA

depends on both gluons distributions
through appropriate convolutions

-—

no “naive” k; factorization but

“effective” k; factorization
Weizsacker-Williams gluon distribution
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Unintegrated sea quarks in CASCADE

implementation necessary to deal with processes such as Z production

idea: use the Catani-Hautmann k;-dependent splitting function as the last

step of the CCFM evolution Martin Hentschinski
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comparison of ky-factorized expression with full ME
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The DIPSY Christoffer Flensburg |
event generator: k
A BFKL-based dipole model in |

transverse space
(Christoffer Flensburg, Leif Lonnblad
and Gosta Gustafson)

The model Applications
*Based on LL BFKL pp: tuned and published.
—NLL corrections AA:
—Confinement —Implemented and running
—Saturation —t=0 state can be fed to final state
e All fluctuations described! m_Ode'S (hydro, jet quenching, etc)
earXiv:1103:4321 eA: implemented, not tuned

DIS: implemented, not tuned



Central Exclusive Production
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Estimating Model Uncertainties

using the Forward Physics Monte-Carlo (FPMC)

contains KMR and CHIDe model
uncertainties coming from:

- gap survival probability

- unintegrated gluon distributions

- Suddakov form factor
constrained by CDF data on

diffractive di-jets = factor 10

pp -> pjjp, Vs = 14 TeV, 0.002 <&E,<0.2
10 l ,

CDF constrain s
early LHC constrain ===

Crossection oy [nb]
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Christophe Royon
pp -> pjjip, Vs =2 TeV
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Assume new measurement of exclusive
jet production at the LHC: 100 pb-1,
precision on jet energy scale assumed to
be ~3% (conservative for JES but takes
into account other possible systematics)



Meson pair production

novel QCD studies with the Khoze-Martin-Ryskin model ~ -¢1an Harland-Lang

flavor non-singlet mesons
total amplitude given by convolution of parton level ” \
amplitude with non-perturbative wave functions ‘.-
1 [
My (s, 1) = / dxdy o(x)e(y) T {x.y:8,8)  AAAA ﬂ
0 -

J,=0rule =%z" BG to vy CEP i suppressed

flavor singlet mesons

new set of diagrams - .
J,= 0 amplitude :
does not vanish - .

enhancement in n'n’ CEP rate’ and (through »-n’ mixing), some
enhancement to ym rate. ny’ CEP can also occcur via this mechanism.




Vector Mesons and DVCS




A Regge-type model

Salvatore Fazio

“la) T(Q2.1) 7q2) V _ ebﬁ(Z)

1 =

B(e), £(r) V2 = eba(‘) using a logarithmic
I Regge trajectory and a
A new variable is/ 8 J y
introduced: z=1- 0? very few parameters

: 1a(t)

p(p) p(p2)
. (1)
DVCS amplitude: A(s, t,Qz) = —A()Vl(t’ Qz) Vz(t)(-lS/SO)a

PP
the ¢ dependence at the vertex pIPp is introduced by: () = (0) - a,ln(l - az‘)
the vertex y*IPy is introduced by the trajectory: B(z) = p(0) - [)’,ln(l - ﬁzz)

d
good data description of ¢(Q?%) and 29 but room for improvement for o(W)
at large Q?, usual for soft Pomeron models

also presented an alternative to the Donnachie-Landshoff two-
Pomeron model to describe ofW) in a large Q2 domain



New constraints on rho WF and DA

Current data require qualitatively different light-cone Ruben Sandapen
wavefu.nctions for transverse and longitudinal polarisation especially O, /O'T

.""‘.‘/\ A

}.‘ f I e A= »p

@ r: transverse dipole size

¢ z : fraction of photon's light-cone o

| | momentum carried by quark

‘\/l | Mn- ..‘.

At high energy (s > t, Q. Mg), amplitude factorises 03
nk . :
ImA,(s. t; Q%) = Z/dzrde;;,;AW;::f:'e‘;” AN(x.r,A) ’ % "
h,h

a new distribution amplitude is also obtained

1

$1(2) = 57 [ drh(ur)Myoulr,2)

Agrees with QCD Sum Rules and lattice predictions



What | did not cover

* Misha Gorshteyn

Asymptotic behavior of pion form factors

* Marat Siddikov

Diffractive neutrino production of pions in the color dipole model

 Paolo Bolzoni

Time-like small-x resummation for fragmentation functions



Thank you

Thanks to the speakers
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Diffraction (ep, HERA)

Q?=-g°= (k' - k)?
X =Q%2Pq

) " Xp = q(P'- P)/qP

Colourless =1- Ep/E'p
exchange T e
X Rapidity Gap B s X/xlp
P (P) t =(P'-P)
— aw')

Diffractive DIS kinematics



Inclusive Diffraction (ep, HERA)
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Diffractive Dijets (ep, HERA) ! (R-Polifka)

(J. Delvax)

FPS1 central jet + 1 forward jet

*Forw. jets with leading p in DDIS > H1 Prefiminary
— search for physics beyond DGLAP %”2: :
Selection of 1 cent.+ 1 forw.jet PEC T —
suppressing DGLAP phase space A T e
Low x g el
Calculable in NLO (NLOJET++ with DPDF) ] —
Good description by NLO QCD DGLAP predictions;ﬁ —
<p*;>

VFPS —

high accept. detector

J
high statistics

Good agreement

with NLO predictions

VFPS DiS Dijets VFPS DIS Dijets

-—
- ! . — 3000
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PO 2

o0 2000F
-~ - S
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Look for observables that would
be sensitive to underlying parton

dynamics

X ey =E /E, > 0.035

Forward Jets (ep, HERA) " (i-Micewicz)

Forward jet azimuthal correlations

o
-

[ ® H1 preliminary [
CDM

L e CASCADE = C
I HAPGAP -

o
o
[a5]

E. scale uncert. !

o
o
o

do/dA¢ (nb/rad)

g

norm. MC / nhorm. data

enhancing phase space Ag(rad)

for BFKL

At lower x forward jet is more
decorrelated from the scattered electron

0.5 < pe¥/Q? < 6.0
suppressing phase space
for DGLAP evolution



CDF (K. Goulianos)

Diffraction (ppbar, Tevatron)

CDF Run Il Preliminary ;r::g &323

“030F W ey ;‘z'fsndf Rt

Hard Diffraction - jets, W 5. <" Pob oo

o L=06 fb” Mean 80907

Fraction of diffractive W 220 Seme 15 noe
(measured with tagged pbar) 4
RW(O.O3<§<O.10, |t]<1)= 10
[0.97 £0.05(stat) £0.10(syst)]% 5

consistent with Run | result (LRG) V26 s 155- 140 60

M,, (GeVic )

Central Exclusive Production

Gap Fraction in events with a CCAL gap

f - CDF Il Prelminary —e— MirBise
= 1E WP, e BT 2Ce
p . § R =N, M, —— PP, s ] 4GaY
JJ - PRD 77, 052004 3 S

, (2008) b s
“ y - PRL 99, 242002 (2007) e Wi .
v. - PRL 242001 (2007) i ‘Lmﬁf*‘fﬁﬁ

Forward Jets with Rapidity Gap -



Inelastic cross section (pp, LHC)

o ATLAS: Single-sided events

. R pite
(L-o)™ oL

« CMS: Vertex counting in pileup evts: P(n,,) = .
pileup *
3 i I 1 IIIIIII T 1 lllllll 1 1 llllll{ I 1 IIIIIII | -
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" . ATLAS (M. Kayl)
Diffraction (pp, LHC) CMS (A-K. Sanchez)

« ATLAS: x-section as function of forward rapidity gap An"

« CMS: Observation in single-side trigger (An~2 rap-gap, &~E—p,)

T
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. ' F
PYTHIA8 describes data best at low An - No PYTHIA tune reproduces all data

PHOJET at high AnF
« Evidence of diffraction at high An® PHOJET ....
« Diffractive x-section ~ 1mb per unit AnF at high An"



Forward hadrons (|n|=3-5, pp, LHC)

o Probe Underlying-Evt modeling (MPI, beam remnants) in MCs:
Data between HERWIG and PYTHIA

o Constraints for cosmic-rays MCs: Good agreement

1/N (dE/dn) (GeV)

MC/Data
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Forward jets (|y|=3-5, pp, LHC)

o Probe PDFs down to x~p./Vs eY~ 10

o DGLAP vs BFKL dynamics

o ATLAS data (+50% uncert) <

parton-shower+POWHEG (NLO)

o« CMS data (£30% uncert)
agrees with TH predictions

ATLAS (D. Gillberg)
CMS (A. Massironi)

—_—
—_ .
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Forward-central jets (pp, LHC)

o Constrains multi-jets production & DGLAP vs BFKL dynamics

CMS Preliminary\/s=7 TeV L=3.14 pb"
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Uncorrected Caoincide

. STAR (C. Perkins)
Small x Physics (RHIC) PHENIX (J. Lajoie)

Measuring correlations between two forward 1, probes a limited,

smaller x range
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*Near-side peak is similar in p+p and d+Au
*Significant broadening from p+p to d+Au in the away side peak
*Agreement with CGC (?), MPI contributions(?)



Exclusive electroproduction of pions (ep, ZEUS

(%)
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Exclusive VM production (ep, HERA)

Elastic J/y Photoproduction

|t] - dependence Z o[ H1 Preliminary
e P ZEUS (G. Grzela k§ .
- ata\s=31 e rel.
H1 (F. Huber)  § “F muo@oamenon)
5 60—
40 2 :
L Q? < 2.5 GeV
- l It] < 1.2 GeV*
_ 12 20~ A7 H1 HERA | (Jiy—pp), 6 = 0.75+ 0.04
t_IP'P I :“ ]l T A Fixed target e ;
qol 11 Izlol L1 I3[0l L1 |4|0I L1 15|0I L1 |610| 11 |7|01 11 l810| 11 Iglol 1 100 1‘ 0

W, [GeV]

ZEUSI Prelim.

“.‘A 14 0 thUS 96 00 (120 pb ) ‘ IA ‘¢Z‘EUIS95 o
% 12i ® pZEUS% A 0 ZEUS 98-00 ]
. . ) A o -
Geometric picture - 27 o H1%0 a yzmsme
transverse size: 10 o wvmsew

X Y ZEUS (prel.)
by, 8 _:
Transverse size: 6| % . T
4 l = I i T N
Vector Meson : . ; :
Target (proton) : ’r K DvCSHL o600 g
of . . ., | * DVCSZEUSLPS(1 pv?“)l L
. 0 20 40 60 80 100

can be interpreted as QX:MA(GeV?)

charge radius of the proton



Exclusive photoproductionyy — u u (pp, LHC)

CMS: Rap-gap, pr(u) > 4 GeV, n(u) < 2.1, m(uw) > 11.5 GeV
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m(uwn) > 2.5 GeV (not J/psi,psi')
Exclusivity: no backward tracks,
no vy, N>2 forward tracks

Agreement with LPAIR elastic
Ooxp = 6719 pb, Oqep = 42 pb

Number of events per 100 MeV

Clear signal measured

'o(pPP—>puULp) ¢\,=
3.351£0.5+0.2 pb
Agreement with LPAIR:

O/ Ogep = 0.8210.14+0.04

Uncertainties in inelastic
contributions (proton taggers
needed)
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Central Exclusive IP+IP — X (pp, LHC)

a 0.04p
o ALICE: IP+IP - f,, f, mesons. %o—oa% ~——— Double 'Gap'
_‘é 0.03fF-
2-track events with gaps on both sides &0_025_ (J Nystrand)
over events without gaps. oodf H#*‘ * }ﬂ”w”.fﬁ |
oottt I Wl I U +5*:‘M'+
e LHCb: IP+IP > ¢ oof e
c L) fo f,
‘\ll(P[ I nce - Unec tl :

_ a— o.ls' = ; S S e '1.'6'2'
m(uw) = m(J/psi)£65 MeV, p (un) <900 MeV, 1y Wx) [Gevic']
Exclusivity: no backward tracks, N>2 fwd tracks T

= v v v 1 v [ ] ChICO from SuperChIC MC
s (DMoran) ||| ¢ SR
Ogpico = 9-3%4.5 pb (o, = 14 pb) wf- LHCb
F Preliminary
ch|c1 = 16 4+7 1 pb (OTH - 10 pb) 30'_ VS =7 TeV Data

ch|02 =28+12.3 pb ( =3 pb)

20F

10

Consistent with TH: SuperChic, Starlight
(but large TH/EXP uncertainties)

ChiC0:ChiC1:ChiC2 = 1:2.2+0.8:3.9+1.1 Cth Mass (GeV)

Number of events per 20 MeV




Exclusive photoproduction y IP —X (pp, LHC)

e LHCb:y IP —>J/Psi, Psi'

m(uw) = m(J/psi)£65 MeV, p-(uu) < 900 MeV, No y
Exclusivity: no backward tracks, N>2 fwd tracks

o 2010 Data
k] Background from 2010 Data
@ Signal from Starlight MC

LHCb

Preliminary
/S =7 TeV Data

(D.Moran)

Number of events per 100 MeV
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Consistent with Starlight/SuperChic o, =474 £ 103 pb (o 1, = 292-330 pb)
(but large TH/EXP uncertainties) G o =122 3.2 pb (0, = 6.1 pb)



dN/dp_ (Yield per 10 MeV/c)
T

Relative J/y yield

Vector Meson Production (PbPb, LHC)

o ALICE observed: PbPb - Pb+Pb+ p°

ATLAS (G. Pasztor)

1-Centrality %
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Vector Meson production (RHIC) (- Naghs)

10°

p+p @\'s =200 GeV STAR preliminary

-
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107 M Events e data
—— cocktail STAR dN/dy
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>
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M,.. (GeV/c?)
el_ow mass vector mesons
e PHENIX: Low mass e+e- pair enhancement in Au+Au
e STAR: Similar analysis is ongoing. Stay tuned.
oY
e PHENIX, STAR: cross-section measured in p+p, dAu,AuAu
oJ/Y

e PHENIX: High statistic measurement in p+p: spectra.
W' and xc feed-down on p+p
High statistic measurement in d+Au
e STAR: High statistic p+p data-sample is being analyzed.



Central Exclusive Production (pp, LHC)

1)CED Higgs production in SM
- provides a moderate signal yields but it is attractive

because

- gives information about Hbb Yukawa coupling — which is
difficult in standard searches

2) CED Higgs production in MSSM
- the signal yields are greatly enhanced
- it gives complementary information about Higgs sector
- the Higgs width may be directly measured (for Igg@
tan3)

M. Tasevsky

Update of the 2007 analysis: « >
- background NLO CED gg—bb p
- LEP/Tevatron exclusion regions (HiggsBounds) l P

- improved theory calculations (as included in
FeynHiggs)

- new CDM benchmark planes (similar results as for
Mhmax and no-mixing benchmarks)

3) CED Higgs production in 4t" Generation Model

1 ED/Tavintran coaonrcrhoce 119 e N < 12N Aa\/ AllAawaA



What | did not cover

Vitaliy Dodonov

Forward neutron p; distribution and forward photon spectra
measured in H1 FNC

Heiner Wollny

Vector Meson & DVCS measurements in COMPASS

Valery Kubarovsky

Vector meson production & DVCS at J-Lab

Anastasia Grebeniuk

Transverse momentum spectra of charged particles at low Q?



Thank you

Thanks to the speakers



